No classification of viruses is entirely satisfactory, for they may be regrouped according to different characteristics. The following classification is useful in presenting the problem clinically, because the first seven groups contain viruses capable of producing central nervous system lesions:
(1) Pox viruses: Smallpox, vaccinia, chickenpox and zoster.
(2) Respiratory groups: (a) Myxoviruses, e.g. mumps, influenza. (b) Adenoviruses. (c) Miscellaneous: Paminfluenza. common cold, and respiratory syncytial. The terms encephalitis, encephalomyelitis, myelitis, and meningitis are used to describe the predominant clinical picture of a disseminated lesion of the neuraxis. Any level of the neuraxis may be involved by a particular disease, for example anterior poliomyelitis may produce a mild' meningitis or lesions involving the spinal cord, the brain stem or the cortex; the severity of the lesion at particular levels varies from patient to patient. Anterior poliomyelitis attacks the motor cells of the anterior horn of the spinal cord, primarily producing marked neuronal degeneration; this is followed by an inflammatory reaction shown by perivascular cuffing. Similarly, the motor nuclei of the brain stem are involved in bulbar poliomyelitis. Otolaryngologists are most familiar with those cases of poliomyelitis where paralysis of the intercostal muscles, diaphragm or pharyngeal and laryngeal musculature have occurred and tracheostomy has become necessary. However, the other cranial nerve motor nuclei may be damaged and ocular or facial palsies noticed.
Zoster is also a neurotropic virus which, in contrast, attacks the unipolar cells of the posterior root ganglia at several levels but it may spread into the posterior horn cells and, in particular, Clark's column of cells, thus injuring the secondary neurones. It is a true posterior poliomyelitis. However, the anterior horn cells may also be involved to produce local paralyses. Head & Campbell (1900) demonstrated lesions in the trigeminal ganglion of a patient with ophthalmic herpes. Therefore zoster lesions may be found in the other cranial nerve ganglia. Zoster also causes an encephalitis which may interfere with the function of the cranial nerve nuclei and, as zoster produces local paralyses by neuronal damage in the anterior horn cells then, presumably in the case of the cranial nerves, motor paralysis follows a lesion of the motor nuclei, the analogues of the anterior horn cells. However, the pathological evidence available is minimal.
Inclusion bodies are aggregations of elementary bodies (i.e. the virus itself) with cellular debris; their discovery within the nucleus or cytoplasm of a cell may be regarded as evidence of direct invasion of that cell by a virus. Rabies is produced by the bite of an infected animal (the rabid dog or wild canines, squirrels, &c., and the vampire bat) and the infection of the central nervous system is diffuse, with widespread degeneration of neurones in the cranial nerve nuclei, the cerebral and cerebellar cortex, the basal ganglia and substantia nigra. Hyperemia and perivascular infiltration are present and there is extensive destruction of axons and myelin throughout. The posterior root and sympathetic ganglia may also be infected. All of these pathological features may be common to any encephalitis but, if Negri's inclusion bodies are found in the cytoplasm, then the lesion can be confidently diagnosed as rabies. The hydrophobia of rabies is probably due to a bulbar lesion and the cranial nerve paralyses are due to direct invasion of the neurones themselves.
Inclusion bodies have been found in neurones and oligodendroglia in herpetic encephalitis (i.e. herpes simplex or herpes virus hominis), and in the human cases of encephalitis due to simian herpes (herpes virus simianis) inclusion bodies have been demonstrated in the oligodendroglia. More recently, in clinical zoster affecting an infant, inclusion bodies have been found in neurones. On rare occasions they have been seen in early cases of death from human anterior poliomyelitis or from poliomyelitis induced in the chimpanzee. The absence of inclusion bodies in a pathological section does not mean that viral agents have not invaded the nerve cells.
Perceptive deafness, vertigo and cranial nerve paralyses occur in the para-infectious encephalomyelitides. The acute disseminated encephalomyelitis of measles, rubella, varicella, mumps and scarlet fever are clinically similar and have been reviewed by Miller et al. (1956 Miller et al. ( , 1957 . The pathological reports available for study were few. Measles was the best documented, whereas in varicella, rubella and mumps only sufficient pathological data were available to make comparisons with the findings in measles. Typically the lesion was a diffuse encephalitis largely affecting the white matter; initially hyperemia and cellular infiltration of the vessel walls with small perivascular himorrhages was followed by a perivascular cuffing of mononuclear cells, mainly around the smaller veins, and later a perivenous demyelination. The degree of damage to nerve cells was variable; in general it was slight but in occasional cases it was marked. Histopathological studies of the post-exanthematous cases of myelitis and polyradiculitis were for all practical purposes non-existent; therefore the pathological lesion causing cranial nerve injury in those cases where encephalitis was not predominant is unknown. I presume that, as the disease affects all levels of the neuraxis, an encephalitis of the brain stem was present. The majority of these patients recover fully with complete resolution of the lesions clinically and pathologically but, on occasion, demyelinated areas persist without a proliferating gliosis.
As the encephalomyelitis experimentally induced by repeated injections of heterologous or homologous brain emulsion, drug encephalo-pathy and post-vaccinal encephalitis are pathologically similar to post-exanthematous disseminated encephalomyelitis, a common ietiological factor has been considered. An allergy to the virus itself or antigenic agent has been postulated as the cause and it is believed that this group of diseases primarily affect the neuraxial tissues of mesodermal origin, that is, the vascular and supporting tissues, and that the axons are only secondarily involved. It is also thought that this 'perivenous' leukencephalitis can be distinguished from a true virus encephalitis. However, measles virus has been recovered from measles encephalitis on two occasions. Mumps as well as other infectious fevers may produce an encephalitis at onset as well as in the post-infectious period. The earlier lesion predominantly affects the meninges and the mumps virus has been recovered from the cerebrospinal fluid, whereas in the disseminated encephalomyelitis of post-exanthematous type virus has not yet been recovered.
Thus we have two pathological types of encephalomyelitis associated with virus diseases: namely the true virus encephalitis, in which the tissues of ectodermal origin are attacked by the virus itself, and the post-exanthematous disseminated encephalomyelitis, an allergic reaction to virus primarily involving the mesodermal tissues. Without the clinical history I doubt if this distinction can be made with certainty on histopathological material alone for many features are common to all cases of encephalitis; the only feature peculiar to the viral or rickettsial type is the inclusion body.
It has been estimated that measles encephalitis occurs in 1 : I ,000 cases but no estimate has been made of the incidence of cranial nerve lesions resulting from virus diseases. In both types of encephalitis cranial nerve lesions are common. Vertigo occurs particularly frequently in postvaricella encephalitis and pathological lesions are predominantly found in the brain stem and vermis of the cerebellum. The vertigo probably results either from interference with the centres of equilibrium in the vestibular nuclei and neurones of the vermis or from damage to their connecting fibres. The host cell-virus reaction may be such that the cell is unaffected, affected temporarily or totally destroyed, whereas the demyelinating disorder would interfere with transmission of impulses along the connecting fibres. In any case it would seem likely, on the evidence available, that vertigo is due to a lesion of the central nervous system as distinct from the nerve fibre. The vestibular ganglion is the analogue of the posterior Section ofOtology root ganglion and could be affected by those viruses attacking ganglion cells; there is no pathological evidence to confirm this. Vertigo, although associated with other brain stem nerve lesions, may be unaccompanied by deafness, which suggests that the lesion is not in the peripheral system. Ocular palsies are common in all virus encephalitides and result from neuronal damage; so the facial paralysis of lower motor neurone type, which accompanies this, presumably results from a lesion of the facial nucleus. In medical records unilateral deafness and unilateral laryngopharyngeal paralyses are rarely recorded, possibly because of an incomplete examination of these cranial nerves in an ill patient. Otolaryngologists are familiar with the unilateral nerve deafness of mumps and measles but too often this diagnosis has been made years after the event, when the defect has become of concern to the patient or parent. It is not recognised at the time of occurrence unless both acoustic nerves are damaged and the patient is unmistakably deaf. I well remember a young woman who presented with a unilateral nerve deafness without recruitment three days before she developed mumps. The lesion fully recovered within three weeks. If early mumps encephalitis is due to a direct attack on the nerve cells by the viral agent, this may be an example of the secondary neurone being involved in the brain stem.
A physician does not routinely examine the larynx, so the occurrence of laryngopharyngeal palsies is often overlooked unless the lesion is bilateral and produces gross disturbances or prejudices the patient's life. Otolaryngologists occasionally see palatal or recurrent laryngeal nerve paralyses, some of which fully recover, as sequele to upper respiratory tract infections, sore throats or herpes laryngis. In the absence of any other cause we label these as virus neuritis.
During the epidemics of upper respiratory infections of non-specified type one may be called to a severe case of vertigo which may or may not be accompanied by deafness, which gradually recovers in days or weeks depending on the severity of the lesion. These also are regarded as of virus etiology, particularly if the patient has no subsequent attack. These cases of vertigo may come in runs like a minor epidemic. It is also true that cases of facial paralysis sometimes arrive in runs. During such periods of increased incidence, when general upper respiratory infections are common in the community, the histories obtained may be illuminating. One patient may have begun with a headache and trigeminal pain before developing the facial paralysis, another may have a cold followed by severe vertigo before the appearance of the facial paralysis or the facial paralysis may be preceded by a unilateral sensory disturbance resembling a mild sensory epilepsy. On occasions such patients, with vertigo or Bell's palsy, may have a pleocytosis or raised protein in the cerebrospinal fluid but a normal cerebrospinal fluid may be found, even in the presence of encephalitis. More rarely still we encounter multiple cranial nerve lesions independent of encephalitis.
In discussing epidemic vertigo, Pedersen (1959) , who observed many epidemics, was impresssd by the fact that mild encephalitic symptoms were frequent. He also recognized two different types of epidemic, with differing incubation periods. One type was preceded by an upper respiratory tract infection, the other by gastrointestinal disturbances. During these epidemics, cases of frank encephalitis occurred and he concluded that epidemic vertigo was probably due to a lesion of the second vestibular neurone in the brain stem. All virological studies were negative although the infectious features of the disease suggested a viral agent as the cause.
Dawes (1951, 1953) , in studying the nonsuppurative condition of myringitis bullosa hemorrhagica, was impressed by the prodromal infection of variable etiology, the epidemic character of the infection and the occurrence of diffuse encephalitis both of the early and post-infectious types; also by the association of a nonsuppurative ear lesion with single or multiple cranial nerve paralyses. The whole clinical behaviour of the myringitic and encephalitic lesions were similar to other known virus diseases and he considered that this additional evidence supported a virus wtiology. He also suggested that the cranial nerve lesions, single or multiple, with or without obvious encephalitis, probably resulted from injury to the cranial nerve nuclei by an encephalitic process.
Herpes oticus or the Ramsay Hunt syndrome has usually been regarded as due to 'geniculate ganglionitis' (Hunt 1915 (Hunt , 1937 . Hunt himself had never examined a geniculate ganglion in the syndrome he described. He assumed, on the basis of the work of Head & Campbell (1900) , that the primary lesion of zoster on the pinna was due to a lesion in the geniculate ganglion although at that time the nerve supply of the pinna was thought to be derived from the 2nd and 3rd cervical trigeminal, and a small branch of the vagus. Having assumed that the lesion was in the geniculate ganglion, he then postulated that the VII nerve supplied sensory fibres to a large portion of the pinna and the palate. It is known that the geniculate ganglion is the cell station for the sensory fibres of taste and not for those of skin sensation. In fact the herpetic lesion may be on the anterior two-thirds of the tongue without taste being affected; therefore the lesion is more likely to be in the trigeminal than the geniculate ganglion. The facial paralysis of herpes oticus is associated with herpetic lesions in the unquestionable distribution of the cervical posterior root ganglia and the trigeminal ganglion. Denny-Brown et al. (1944) examined a geniculate ganglion in a case of herpes oticus with facial paralysis and found it unaffected. The 2nd cervical ganglion was infected and the brain stem showed minor encephalitic changes, with neuronal damage to the facial nucleus. With zoster of the face, multiple cranial nerve palsies may occur without gross clinical evidence of encephalitis. Further, herpes of the pinna and postural herpes occur without facial paralysis and it would be thought likely, if such lesions resulted from infection of the geniculate ganglion, that the inflammatory reaction in the ganglion would produce a facial paralysis. There is no evidence to suggest that the facial paralysis of herpes oticus is due to a lesion of the geniculate ganglion and, in all probability, herpes oticus is a zoster lesion of more than one cranial nerve. Consequently the evidence for a wide sensory distribution of the VII nerve on the pinna and palate does not exist. There are no sensory neurones in the facial nucleus and the only sensory fibres known to be carried by the nerve are proprioceptive and taste fibres. The proprioceptive fibres probably end in the trigeminal nucleus; the sensory fibres found in the peripheral distribution of the VII nerve are likely to be of V nerve origin, being merely an example of a trigeminal sensory branch using the peripheral branches of the facial nerve as a final route.
As viruses are obligatory cellular parasites, I suggest that cranial nerve lesions of virus origin are due to a lesion of the brain stem nuclei, resulting either from direct invasion of the nerve cell by the virus or from a 'perivenous' demyelinating disorder. As more evidence accumulates in virological studies of central nervous system disorders, it may be found that the perivenous cuffing and demyelination is secondary to direct virus invasion of cells responsible for the maintenance of myelination (viz. the oligodendrocytes and astrocytes).
Viruses may be highly selective in choosing particular cells for their parasitic life and in the same way as the toxin of diphtheria is thought to select the oculomotor nucleus on a biochemical basis, so viruses may select particular cranial nuclei according to their individual metabolic requirements.
If my hypothesis holds then, in those cases of Bell's palsy which are of viral Ltiology, there is no indication whatever for decompressing the facial nerve in its transit through the temporal bone.
There is a need for a more careful search for viruses and more detailed pathological studies in cases of cranial nerve lesions of suspected viral origin. Of course, cranial nerve lesions are not always due to virus invasions; they may be the presenting features of ear disease, disseminated sclerosis, intracranial tumour or aneurysm, or nasopharyngeal neoplasm. These are diagnostic pitfalls which must not be overlooked.
Dr F L Constable (Royal Victoria Infirmary, Newcastle upon Tyne)
The number of cranial nerve lesions that can be attributed to viruses is small. In addition there are a few conditions in which the agent is suspected of being a virus, for all other micro-organisms have beenexcluded. Virological examinations are laborious and time consuming and delays and disappointments are inevitable, so there must be a complete understanding between virologist and c.lnician.
The task of proving that any clinical entity is viral in origin may be formidable. In many cases, although it is not difficult to isolate a virus, it may be extremely difficult to identify it. Large colletions of viruses stored in deep freezes in laboratories throughout the world are not only waiting to be identified but also to be associated with a disease. The virologist faces the dual problem, either of isolating and identifying some new agent
